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Introduction
. . .... e . .as,'Tl_ (Jro'Jp _', ...,-"
'"era:ca -. h" n'."_:.c __r._inee._'r._ Car. e._ (C.KDZCI a
_:st c: z:'.ez_'_c_Ls "_nc ":d:n._ .'_qu- Jz, v_r.,rs, and zart.,_-ula%es 1
at a:',: ar.-i_-i_,_tec °_ ca"s- c-r.tamlnKtlon ;,:,ob.emz a'.,oard the
,.;a_"e Station _.. C3.-"&u has 3e' ec'.ed seve._a. _: =haze compcund_
- - -+_- .... r,ve_t_on,, des,if'be_. . as the. Reactive Bed P_asma
".'ea-,ter. The obsectlve o: th_s paper is %0 summarize the
con%_,_nat:¢n con%to- capaD:._%:es of the .rieact_ve Bed ._'asma
,=-..._.'.-Isystem hy de "_nea_:n_ the results of %o:<:c chemlcal
:e'. ::r,T.,ozit., stud:e_, aeroso flitratlon work, and other
_.93",1n_
Description of ,,eac tive Bed Plasma
_he Reac _:ve Be _ Fiasma (RBF) was invente at the
_'hemlcal ._ese__-ch, Development and Engineering Center (CBDEC) to
orev'_de breathable air :n chemical and blologlc_' warfare
env_ronme;,_3 The RB_ "_s a synergistic comblnat_on of a plasma
_¢,r ionized _as) and ca%aiy%ic technologies to produce an alr
pur:flca'_ion system. The catalytic packln_ material's maln
function :S to fac:lltate an increased amount of time _n the
act,.ve plasma region for contaminant molecules in a flow.ng alr
stream. The plasma _enerated high energy electrons and
subsequently produced species decompose toxic materlals. In
add,.t'.on, the RBP can perform as a highly efficient electrostatic
prec:pltator to collect and eventually deactivate hazardous
partlculate mater_al. Since, the RBF can handle toxlc cheml-_is
as well as hazardous aerosols, it can be described as an :
un,_versal filter, i
it iS understood that trade-of fs exls% for any new
technology. Some d_sadvanta_es of the RBP concept include the
emlss_on of electromagnetic no_se (necesslta_.in_ the shielding of !
the device), high voltage hazards and the treatL.ent of reaction
products. The advantages of the RBP include the ; %entlal for
operatlng as an efficlent, low temperature, long-ll% :d, minimal
energy-consumption, universal contamination control device.
Toxic Chemical Decomposition Studies
The llst of chemicals provided by NASA included l_quzds
and gases such as chlorlnated compounds (such as hydrochloric
acid, trlchloroethane and chlorlne)_ organics (such as benzene),
and others. The RBP system has been tested against several
ccmpounds including cyanogen chloride (2) , phosgene (3) and
benzene (4). The_e test gases allow the contamination control
capability of the RBP to be extrapolated to many chemical groups
• i
Each gas's decomposition results reveals an important attribute
of the RBP system. The efficient decomposition cf cyanogen
chlorld_ demonstrated that the RBP did not exhibit the i
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charac%erlstlc polsonlng mechanisms of catalysts. Add:t_onally.
the phosgene results indlc_ted that the RBP u%_!Ize _ low
temperatures (around 150 degrees C) and its performance does not
} • _ .... t_ J •
_c_:'&d: qulc__=;. A._o, =_y .,y_',_,.h ,_':': a_:d :ormeu was converted
%c, 2Z.crlne (as expected from a .ow temperature process).
F_na..',,. _ne benzene cestln6 showed that th_ R27 can easily
_com_,,:.se orderlies f .DwlnR " ;_ ar alr z_eam. T_e maln reactlon
_rc.duc_2 frDm these decompos=5_on studles lnc' uce carbon d_o:<lde
an: wa'er, salts, and sea " amounts o_ ac:d gases (=nc'udln_
n_i:4ens :tom %he parent compounds and nl_ro_en dloxlde from the
air stream:. The RB? has demons%rated the potentlal as a low
temperature, ef flclen5 and unlversal decomposztlon system for
hazardous compounds In a flow:n_ alr stream.
Aerosol Processing in RBP
?artlculate ma_erlals on NASA's Contamination Control
" _st _nc'ude Poiystryene Latex Spheres, mlcrobes(wh_ch might
_nclude Bac_' lus Glob_= spores and T-2 _ycotoxln) , and
sem:conductor process_n 8 aerosols. The Beactlve Bed Plasma (RBP)
reactor combines electrostatic prec_p_%at_on w_th a packed bed to
form a new aerosol f_!trat_on device. The test_n 8 o_ th_ RBP
w_h Folystryene Latex spheres revealed that the RBP was a more
efficient f_Iter than for the empty plasma reactor (electrostatic
precipitator) or a s_ng!e packed bed (5). The b_olo_cal aerosol
chal_en_es of the EBP Includ_n 8 Bacillus Globig_ spores (a heat
r_stant s_mul_nt for pathogenic species) and T--2 mycotoxln
demonstrated efflc_en5 deactivation and decompos_%lon,
:espect_vely (_). The RBP could become an ultraf_itra_on devzce
_th the _ncorporat_on of a ceramic H:gh Efficiency Particulate
Aerosol (HEPA) f11ter. Therefore, the RBP has the poten%1_l to
become an aerosol flltrat_on devlce for many appilcatlons.
Post-treatment of RBP Effluent I
The requlrement to neutralize any products found In the
reactor effluent will be undertaken zn the post-treatment section i
of the _BP system. Two approaches of removing the reaction
products are packed beds and _as separation membranes. First,
pacMed beds cons_stln_ of reactlve materlal coated onto alumina
support spheres has demonstrated the efficlen% removal of
n_tro_en dloxide and chlorine. Thls packed bed system w111
undergo additional testing. Next, some contamination control
appllcatlon_ would allow a _as separation membrane to sepaTate
products to undergo further treatment _n a scrubber solution.
S_nce post-treatment burdens for contamination control are
m_n_mal, the solutions sugSested may be adequate.
Contamination Control Approach Utillzln_ an RBP
The Reactive Bed Plasma (RBP) system has demonstrated the
capability of efficiently processing many of the chemicals
suggested by NASA. The ability to process liquids will require
vaporlzat_on of the contamznate materials. Thls phase change may i
require the use of heat and a_r to introduce the hazardous
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mater;a_ :nto the RB_'. Alternate y, waste _ase_ car. be pr:,,=essec
,_re,z_. 'Y Add:t_ona work _s requ::'e./ t,_ z:eet the -tr:n;en_. _ze,- _,
we: _h: and vo.ume co nstra= nt_ of the Space Star : on
};everthe[ess. :_ :s hollered tha_ _he Rea,ztzve Bed ?Jasma system
can prov:de contam:natzon control for many applzcatzons.
t
Sumumary
.he Keac_zve Bed P.asma tRBP) system has demonstrated :ts
unique zapab:i_:es _o decompose toxzc materza!s and process
hazardous aerosols. The post-treatment requirements for the
reac_lon products have posszble solutlons. Although addltlonal
work iz requlred to meet NASA requzrements, _he RBP may be able
to meet Contatn_natlon Control problems aboard the Space Statlon.
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